LOW FREQUENCY RADIO ASTRONOMY FROM THE MOON
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Abstract . 'I'he radio sky i frequencies of several Nz and below is esseuntially unex p lored with
high ang ular resolution due to refraction and opacity in the Earth’s jonosphere. An interferometer
array in space providing arcminute resolution images wold allow a wide range of prob les in
solar, plan ctary, galactic, and extragalactic astronomy to be at v acked. T'h ese include the evolution
of solar and planctary radio bursts, interplanctary and interstellar seintillation. the distribution
of low energy cosmic ravs and diffuse jonized hvdrogen in out galaxy, t he determination of spec-
tral tur nover frequencies and maguetic field strengt hs in galactic and ext ragalactic radio sOtrees,
searc hes for “lossil” radio galaxies which are no longer detectable by high frequeney sitiv(,30s. ancl
scarchesfornew s (% of coherentradio enission. I addition, it is likely that unexpected ob
jects and emission processes will he discovered by suclian instrument | as hasoltenlappen edwhen
high resolution observations first become possible ina new spect ral region. 1 he Moon canprovide
shiclding from terrestrial interference (and fro m the Sun hall o f» the time) and conseq u ently the
himar farside sil’file ¢ offers anideal sit e of alowfrequencyradio array.

1. Introduction

hi the context ol radio ast ronomical observations from space, the low [requency regionof 1 he radio
spectrum car be defined as extending from the local interplanctary pla sma lrequency (a few tens
of kKt z) atthelow end to frequencies at which high resolution observations can be made regular] v
from the ground @i few tens o [ MHz) ar the high end. This window spans three orders ol magnitude
in frequency, and represents the Tast major region of the elect romagnetic spectrum which is still
largely unexplored. An interferoneter array in space using very small, simple, and inexpensive array
eler nenits could produce the first all-sky images ai low frequencies in which the angular resolution
is limited only by interpl anctary and interstellar scattering,

2. Science

This frequency range is particularly well suited for the detection of “fossil™ radio sources because
in typical maguetic fields the synchrotron lifetimes of electrons are comparable to the age of the
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universe. Colierent emission processes from objects outside our solar system are likely to produce
extremely high bright ness temperatures at frequencies of a fe w Nz and lower. Additional science
eoals include determining the origin of cosmic rays, mapping the distribution of diffuse HH iy the
ealaxy, and following the evolution of solar radio bursts. A less specific but equally important goal
is exploration. Such i large observational parameter space willbe op etedforthe first time by alow
frequency imaging array in space that the discovery of completely unexpected sou rees or physical
processes is likelv. <1 his ha s frequently bGen the case whenever high resolution observations first
became possible ina new part of the spectrum. Detailed discussions of the science possible at low
radio frequencios can be found in Kassim and Weiler (1990).

3. Array Location

The individual elements of a low frequency array will have little it any directi vity, so interfering,
signals from the ea rth are a potentially serious problem. The two most obvious solutions are to
pla ce t he arrveryfarfrom 1 he cartnoront 11¢ backside of 1 hemoon. Iuboth cases 1 he problem
of gett ing data downto 1 he ground for processing is made more complicated, but the lnwar option
has at lGast three advantages: 1) terrestrial interference is eliminated, not just attenuat ed, 2) only
hall” of t he celestial sphere must be imaged i a given tiime, and 3) t he array geotnetry does not
need 10 be continuously monitored or controlled. OF course the sun is also blocked half of ¢ he time.
This is a cotcern because solar observations are one of the main science goa s | and also because
it implies a significant battery requirement. However, it does benefit observatio ns of galactic and
extragalacti ¢ sources. which will be mu ¢y weaker than ¢ he suu.

Sever al sites on the lunar farside, including 1 he craters TsiGlkovsky and Saha, have been pro
posed as locations for radio 1¢ "1 scopes. Only large craters are s tinn foralow frequeney arr iy
because baselines up to atleast 1007 ki will he needed to obtain the highest useful angul ar reso
lition. All sources Will be resolved on much longer baselines due to interstellar and interplanctary
scattering. Linfield ( 1996) has pointed out t hat good phase cobierence canbe obtained o011 baselines
up 10 atlGast 1007 1i H1 atfrequencies of afew Nz andup to atlcast30 1i mat 1 Milz.

4. Array Deployment and Operation

The costand complexity of(I()lod 111¢tit" is animportantissue foranylunar-basedinstrument. Inthe
case of alow [requency radio interferometer 1 he individual array ¢l ncy g can be very smallinmass
and volune and as aresult it may be possible 1o dCploy the elCments via »semi-hard” landings.
This W ould still require aretro otor to decelerate cach element toless than a few hundred 111/s
prior tolun in® impact, butthisis asimplerandless expensiverequirementthana (01111011 Hliedsoft
landiug. A two part array element could be used in which the more massive part penetrates a few
MGiers into t he lunar regolith (providing very good thermal insulation for elect ronies and batteries)
and t he less massive wider part cont aining solar cells and a low-gain telem et ry antenna stays at the
sturface. The low Trequeney receiving antennas could be simple wires ejected onto the lunar surface,
which is a good elec (rical insnlator at low frequencies.

The lack of signilicant directivity in individu al low frequency antennas makes it necessary (o
Cross-coppelate datafor phage ¢C1 11( rscovering t he entire visible sky so thatsidelobes fromallstrong,
soil rees canberemoved . This ncans many cross correlations with different del ayvs and delay rat es
for cach baseline. T'he task is not di flicult it done with large ground-based computers, but it is
unlikely that a lurjar-based cotrelator would be practical. Consequently a data relay satellite or a
se ries of data relav stations across the lunar surface will be nCeded to get the raw data (at a rate
of several Mb/s)tocart 11,
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